The complete spectra of core-valence dicationic states, i.e., states with one vacancy in the core and one in the valence shell, of the molecules BF 3 , AlF 3 , BCl 3 , and AlCl 3 , are investigated by the Green's-function method. An analysis of the double-hole density in the corresponding correlated states shows that when the core hole is on a ligand ͑halogen͒ atom, the valence hole is also strongly localized, either on the same ligand or on a different ligand. As a result these states can be classified as either on-core or off-core site states. We discuss how the localization phenomena are at the origin of the chlorine KLV Auger spectra of BCl 3 and AlCl 3 and, in particular, how they provide a complete and conclusive interpretation of these spectra. Due to the intraatomic nature of the Auger process, the simulation of the chlorine and aluminum KLV Auger spectra is done by a simple convolution of the respective on-core site component of the computed two-hole density distribution. The ligand atom spectra contain almost no information about the molecular system, representing an indistinct self-image of the ligand atom itself, whereas the central atom spectra render a distinct foreign image of the molecular environment. ͓S1050-2947͑99͒07009-2͔ PACS number͑s͒: 31.25.Ϫv, 32.80.Hd
I. INTRODUCTION
Auger spectra have been used extensively for sample analysis of elements and for surface structure analysis by means of so-called scanning Auger and surface imaging Auger techniques ͓1͔. For molecules, the Auger experiment has mostly been used as a spectroscopic tool to obtain information on dicationic states. It is in this respect complementary to other experimental methods, for example double-chargetransfer spectroscopy ͓2͔, charge-stripping mass spectroscopy ͓3,4͔, and double coincidence experiments ͓5-8͔, namely, photoion-photoion, photoelectron-photoion or photoelectron-photoelectron experiments.
Three types of molecular Auger spectra can be distinguished: those spectra involving transitions between core shells only, those for which both final-state vacancies are distributed among valence molecular orbitals, and those spectra in which one of the final-state vacancies has valence character and the other one core character. The core-type spectra are rather straightforward to interpret since they essentially exhibit atomic character ͓9-12͔. These spectra show an internal invariance with respect to energies and intensities, but respond to different ligand substitutions with small but uniform shifts, the Auger chemical shifts. The second kind of spectra, the molecular valence spectra ͓so-called core-valence-valence ͑CVV͒ spectra͔, are governed by nonradiative decay between initial, well-localized, core-hole states and final states with holes in the valence shell. They are the ones most commonly investigated experimentally ͓13-16͔ and theoretically ͓17-25͔.
The third kind of Auger spectra, for example KLV spectra of molecules containing second-row atoms, have rarely been investigated, both experimentally and theoretically. Generally speaking, there is a lack of investigations on molecular core-valence dicationic states. Recently, the present authors carried out a first systematic theoretical study on the corevalence double vacancies in CO, N 2 , and H 2 CO using Green's-function and configuration-interaction methods ͓26͔.
In that work the numerical results were analyzed in terms of perturbation theory and with the aid of a two-hole (2h) atomic population analysis measuring the extent of hole localization in the dicationic states.
For the generation of core-valence dicationic states of first-row molecules, various experimental techniques can be envisaged, in principle the most straightforward being the direct double ionization of one core electron and one valence electron. Indeed, the first experimental determination recently succeeded of an absolute double photoionization cross section for the direct emission into the continuum of 2p ͑core͒ and 3s ͑valence͒ electrons in sodium atoms ͓27͔. Another possibility is to produce a primary vacancy in an inner atomic subshell ͑core͒. In this case the desired dicationic states can result from two different mechanisms. In a onestep mechanism a valence electron is simultaneously ejected due to relaxation effects in the valence shell. This is the so-called shake-off process accompanying core ionization ͓28͔. Alternatively, in a two-step process, the dicationic states can be generated by valence ionization out of an initially core-ionized system. This case is interesting, since it allows one to view the resulting spectrum as a ''normal'' ionization spectrum in the presence of a well-defined core hole localized on a particular atom ͓26͔.
In the Auger process the ejection of the primary core electron is followed by decay of the singly charged ion, leading to the emission of a second electron and, thus, to the production of a doubly charged ion. In order to produce corevalence dicationic states via the Auger process the primary ͑deep͒ core hole has to be localized on an atom which con-tains at least one more energetically higher shell which is still a core shell. If, for example, the primary core hole is localized in the K shell of a second row atom, the KLV Auger process produces final dicationic states with one L shell ͑core͒ and one valence vacancy. To date, such corecore-valence ͑CCV͒ Auger experiments are confined to rare gases ͓29,30͔ and solids ͓15,31͔, in the latter case especially to metals, alloys, and silicon. The Auger decay is a particularly interesting source for the production of core-valence dicationic states. Owing to its intra-atomic nature, it can roughly be thought of as a probe of the magnitude of the 2h density in the final dicationic states at the atomic site where the primary decaying core hole is created. It is clear that only states which have a significant relative component of the 2h density located at a given atom can have an appreciable rate of decay from the corresponding core hole ͓14,15,18,20-22͔ .
In the present paper we discuss the results of ab initio Green's-function calculations on the various core-valence doubly ionized states of BF 3 , AlF 3 , BCl 3 , and AlCl 3 . These halogenides, especially the fluorides, can be expected to be particularly well-suited examples to study hole localization phenomena in the dicationic states, since they present ionic bonds and possess symmetry equivalent ligand atoms. In such systems the quasidegenerate ligand core orbitals are delocalized over the equivalent atoms and the corresponding symmetry-adapted core-valence dicationic states have to be represented in a configuration space containing all equivalent delocalized core levels. But it is possible to construct symmetry-reduced dicationic states in a configuration space containing only those localized core orbitals which are confined to one single atom. The dicationic states of the above molecules are automatically adapted to D 3h symmetry when the core hole is created on the central atom, but are reduced to C 2v symmetry when a localized core hole is created on a ligand atom. The validity and usefulness of this localized core approximation has been discussed ͓26,32-36͔ for the manifold of general core states comprising core ionized, core excited, core-valence dicationic states, etc., and found to be very satisfactory. Also the understanding of the very relevant hole-hole interaction in core-valence dicationic states is facilitated by the use of localized core orbitals. Since this interaction depends on the localization of the valence hole relative to the core hole, we are only left with the problem of the valence-hole distribution by confining each core orbital to its atomic space. Accordingly, our discussion will be done in the more transparent localized core picture. We shall discuss the extent to which hole localization takes place in the dicationic states of the above D 3h molecules, and how it affects the energy position and intensity in the aluminum and chlorine KLV Auger spectra.
II. COMPUTATIONAL DETAILS
The theoretical framework which was used to compute the core-valence dicationic states is based on a second-order approximation scheme for the two-particle Green's function known as the algebraic diagrammatic construction ͓ADC͑2͔͒ ͓37,38͔. The formalism has already been discussed extensively in the literature in relation to the core ͓9,12͔ and, in particular, to valence doubly ionized states ͓20,23,39,40͔. For a general overview of its implementation and application to Auger spectroscopy, see Refs. ͓24,25͔. Here we briefly recall that the approximation scheme used for the particleparticle propagator leads to a Hermitian eigenvalue problem in the space of dicationic configurations of the system under consideration, built on the basis of the Hartree-Fock orbitals of the neutral system. The eigenvalues and eigenvectors can be directly related to the double ionization energies and to the residue amplitudes of the propagator, respectively. This approximation takes into account the 2h2 p ground-state correlation as well as the 4h2 p contributions for the 2h main states, while the explicit configuration space only comprises the dicationic 2h and 3h1 p configurations ͑defined in the basis of the neutral ground-state Hartree-Fock orbitals͒. The resulting eigenvalues give size-consistent ionization energies which are correct beyond second order for main states ͑i.e., states perturbatively derived from the 2h space͒ and beyond first order for satellite states ͑derived from 3h1 p configurations͒.
Using ADC͑2͒, we computed the core-valence doubleionization potential (DIP cv ) and the pole strength distribution of the F 1s, B 1s, Cl 2s and 2p, and Al 2s and 2p valence dicationic states of the appropriate molecules. Here and in the following, the term ''F 1s valence,'' for example, means one vacancy in the 1s core of fluorine and another vacancy in the valence shell. In principle, these states could be calculated with the complete ADC͑2͒ scheme described above. However, only in a quite inefficient manner, since the eigenvalues of the ADC matrices are calculated from the edge of the spectrum but the dicationic states with one core vacancy and one valence vacancy are rather situated in its central part. By adopting a core-valence separation approximation ͓35͔, on the other hand, these states can be computed directly, independent of those states with two core or two valence vacancies. In core-valence separation the ADC͑2͒ space is restricted to those 2h and 3h1p configurations with exactly one core hole. Hereby the ADC matrix dimension is considerably reduced. In order to assess the inaccuracy introduced by the core-valence separation, we will discuss the F 1s valence dicationic states of BF 3 in Sec. III D, calculated both in core-valence separation and with the complete ADC͑2͒.
In the outermost part of the core-valence spectra, the density of dicationic states is low and, except for the 2h configuration mixing often required to describe hole localization effects, the independent particle picture of ionization remains largely valid ͑albeit in a localized orbital model͒. By contrast, in the inner parts of the spectra and, in particular, when the core hole results from the Al 2s or Cl 2s orbitals, breakdown effects of the orbital picture of ionization ͓41͔ may occur, leading to a large number of states with small 2h weight, and areas with a high density of states. To calculate the eigenvalues for such dense inner parts of the spectra, we employed a recently implemented block-Lanczos procedure ͓25͔ using as seed the main space of 2h configurations. With this technique one accurately computes, rather than individual eigensolutions, the envelope of the dense pole strength distribution which, as will be discussed, can be related to the Auger spectrum. It can be shown ͓42͔ that the block-Lanczos procedure provides a convergence rate on the spectrum of main space components which is exponential in the width of the lines making up the spectrum. In the present case, with an assumed width of 1.5 eV, convergence on the Al 2s and Cl 2s spectra was obtained after 300 block-Lanczos iterations. The states in the B 1s, F 1s, Al 2p, and Cl 2p spectra were also individually converged.
The calculations for all molecules have been carried out in a triple-basis set ͓43͔ consisting of 5s and 3p contracted Cartesian Gaussians on the first-row elements and 6s and 5 p on the second-row elements, always enlarged by one polarization function on each atom with an exponent of 0.5 for B, 1.62 for F, 0.311 for Al, and 0.619 for Cl ͓44͔. The experimental bond lengths for B-F, Al-F, B-Cl, and Al-Cl of 1.295, 1.63, 1.74, and 2.06 Å, respectively, have been used ͓45͔. In the ADC calculations on BCl 3 (AlCl 3 ) the 16 ͑20͒ highlying corelike virtual orbitals have been excluded from the configuration space. Moreover, the ADC computations on the F 1s and Cl 2s and 2p valence dicationic states are based on the localized core approximation. The calculation of the symmetry-reduced states in the localized core representation is done by including only one atomic set of localized F 1s or Cl 2s and 2p orbitals in the active ADC configuration space. As a result of the atomic localization of the core orbitals ͑carried out by the Foster-Boys transformation͒, the system X*M X 2 -the molecule with one ligand core hole-does not possess full D 3h symmetry but C 2v symmetry. The valence orbitals are not affected by this transformation and maintain their D 3h symmetry also in the localized core representation. In the case of BF 3 we have computed both its symmetry-adapted and symmetry-reduced F1s valence dicationic states. The quasidegeneracy of the symmetry-adapted states was found to be reflected by the energy gap of only few meV, and the almost identical 2h weight and state composition for each state pair ͑each pair formed by one state of A symmetry and one of E symmetry͒. Thus, the localized core representation turns out to be an excellent approach, since the computed DIP cv , 2h weight, and composition of each symmetry-reduced state is approximately given by the respective mean value for the quasidegenerate (A,E) pair.
III. F 1s VALENCE DICATIONIC STATES
OF BF 3 AND AlF 3
A. Dicationic states and double ionization energies of BF 3
For an ionic molecule like BF 3 , one expects the valence electron density to be mainly located on the electronegative constituents. The neutral ground state of the system can be visualized by a valence bond model with an ionic bond between the boron and each fluorine atom, and three nonbonding lone pairs concentrated around each fluorine. The HF ground-state configuration of BF 3 (D 3h symmetry͒ is
2 .
An interpretation of the molecular orbitals can be obtained by a Mulliken population analysis. F 1s orbitals of a 1 Ј and eЈ symmetry differ by less than 1 meV from each other and have an identical population. The valence shell can be subdivided into two regions: the inner valence (1a 1 Ј,1eЈ) and the outer valence, which are mainly of of fluorine 2s and 2p character, respectively. The ionic sp 2 bonding is exercised mostly through the outer valence orbitals 2a 1 Ј and 2eЈ, but also the out-of-plane orbital 1a 2 Љ has some bonding character. The remaining three outermost orbitals 3eЈ, 1eЉ, and 1a 2 Ј represent almost pure fluorine lone pairs. The double ionization energy (DIP cv ) and 2h composition of the localized F 1s valence dicationic states of BF 3 , calculated with the ADC͑2͒ scheme in core-valence separation, are reported in Table I . We shall often simply use the term ''energy'' to refer to the binding energy of the two electrons, i.e., DIP cv , rather than to the total energy of the dicationic states. According to the number of inner and outer valence orbitals and the large energy gap between them one finds 12 singlet states and 12 triplet main states which can be separated into two principal groups: one group, between 717.8 and 739.5 eV, comprises nine singlet states and nine triplet states with an outer valence hole; a second group above 743.0 eV is made up of three singlets and three triplets having an inner valence hole ͑in the latter region some satellite states also appear, on which we shall comment in Sec. III C͒. As is evident in Table I , each of these two groups can itself be divided on energy grounds into two subgroups ͑separated by horizontal lines in the table͒: in the outer valence region there are six singlet states and six triplet states between 717.8 and 722.6 eV, and three states of each spin between 734.2 and 739.5 eV; in the inner valence region one finds two states of each multiplicity in the range 743.0-743.9 eV and finally two main states 3 A 1 and 1 A 1 at 757.8 and 763.7 eV, respectively. Consequently, there are four evident groups of F 1s valence dicationic states of BF 3 . As will be explained in Sec. III B, this grouping and the relative energy of singlet and triplet states are uniquely determined by the localized character of the two-hole density distribution. The evident configuration mixing seen in Table I for all dicationic states, except some of A 2 (B 2 ) symmetry in the outer ͑inner͒ valence region, will be seen to be the mechanism for hole localization.
B. Two-hole population analysis and atomic localization of the valence hole
To determine the distribution and the extent of localization of the valence hole in core-valence dicationic states, we have used a correlated two-hole density population analysis of the dicationic states ͓20͔. By this analysis the total 2h weight of an ADC eigenvector is decomposed into its localized atomic contributions. The sum of the contributions of the atomic orbital hole pairs p and q to the 2h weight, where both p and q refer to basis functions centered on a given atom X, is the one-site contribution of that atom, and measures the extent to which both holes in the dicationic state are localized on atom X. Similarly, the two-site character of a state is measured by the sum of terms p and q which refer to basis functions centered on two different atoms X and Y. Thus the predominance of one of these contributions for a given state indicates that the two vacancies are strongly localized in space ͑either at the same or each at another atomic center͒, whereas states for which more than one component is significantly present are characterized as having correspondingly delocalized holes.
Since the core hole is localized on a specific atom, only the problem of the valence-hole distribution remains to be analyzed in the case of core-valence dicationic states. If the core vacancy is localized on atom X, we can separate the 2h population of each ADC eigenvector in one on-core site contribution X ͑the valence hole on the atom which carries the core hole͒ and off-core site contributions Y ͑the valence hole on a different atom͒, while other contributions vanish. Thus, for example, in the case of F*BF 2 -the molecule with a core vacancy localized on one fluorine atom-we can separate the total 2h weight of the ADC states in the on-core site contribution F* and the two off-core site contributions F and B.
The results of the 2h population analysis of the F 1s valence dicationic states of BF 3 , reported in Table II , give a simple and unambiguous explanation for the observed grouping of the states. All states are dominated either by the fluorine on-core site (F*) or by the fluorine off-core site ͑F͒ component. The boron off-core site ͑B͒ contribution increases toward the end of the first group of outer valence off-core site states because of the greater bonding character of the 1a 2 Љ , 2eЈ, and 2a 1 Ј orbitals, but remains very small throughout the spectrum. By this very pronounced localization of the valence vacancy at the fluorine sites, the electrostatic hole-hole repulsion is minimized in the off-core site states and maximized in the on-core site states. This determines the energy and the singlet-triplet splitting of the dicationic states. States with smaller binding energy in the inner and outer valence regions are off-core site states, while those with larger energy are on-core site states. In the ideal case of perfect localization of the core and valence holes at different fluorine atoms, the singlet-triplet splitting would be zero; it is in reality a very small value less than 0.05 eV. Conversely, the singlet-triplet splitting is remarkably large for the on-core site states, and there is a significant difference ͑3.2 eV vs. 5.9 eV͒ between the values in the outer and inner valence regions. This is easily explained by the higher charge density of the inner valence orbitals and, in addition, by the fact that the interaction between the core hole and the outer valence hole is screened by the inner valence electrons.
How does valence-hole localization take place in the dicationic states? The state composition in Table I explains the valence-hole localization mechanism in the delocalized symmetry-adapted valence representation. The localization of the valence hole is realized by the mixing of 2h configu- (DIP cv ) and composition of the F 1s valence dicationic states of BF 3 . In order to compute the core-valence dicationic states directly, the calculations were done with the ADC͑2͒ scheme in core-valence separation ͑see Sec. II͒. Each state is labeled in the reduced C 2v symmetry in the localized core representation, and corresponds to three quasidegenerate states of D 3h symmetry in the delocalized core representation. The composition reported is given by the square 2h components of the ADC eigenvectors with a 2h weight larger than 0.01. The 2h configurations are indicated by the occupied orbital of BF 3 from which the valence electron is removed. states. Since the valence orbital 1e x Љ is exclusively delocalized over the two fluorine atoms which do not carry the core vacancy, the A 2 states are automatically off-core site states. In contrast to this, the B 1 states require the 2h mixing of 1e y Љ and 1a 2 Љ in order to localize the valence hole in the corresponding off-core site and on-core site states, because the valence orbitals 1e y Љ and 1a 2 Љ are delocalized over all three fluorine atoms. Similar arguments hold for the inner valence A 1 and B 2 states which derive from the orbitals 1a 1 Ј and 1eЈ.
C. Similarities in the dicationic states of BF 3 and AlF 3
Valence-hole localization in the core-valence dicationic states is a completely general phenomenon for molecules like the ones studied here, which possess strongly electronegative, symmetry-equivalent ligands which carry the core hole. This is illustrated by comparing the F 1s valence dicationic states of BF 3 and AlF 3 . For this purpose, here we avoid presenting the complete lengthy tables of dicationic states for AlF 3 , and the following summary will suffice. Both molecules have the same HF valence configuration and a similar population of the corresponding orbitals. We obtain a spectrum of correlated dicationic main states of AlF 3 which is very much like that of BF 3 , both in 2h composition and 2h population of the states. The complete spectrum of AlF 3 is made up of the same sequence of main states as the BF 3 one, except that, at the high-energy end, one satellite state accompanying the 1 A 1 inner valence on-core site main state is found instead of the two satellites of the 3 A 1 main state in the BF 3 spectrum. Our data on AlF 3 equivalent to Tables I  and II for BF 3 can be obtained upon request.
The results of the 2h population analysis for the F 1s valence dicationic states of BF 3 and AlF 3 are summarized in Table III and visualized in Fig. 1 . They demonstrate very clearly that the same clearcut localization of the valence hole takes place in the dicationic states of BF 3 and AlF 3 , leading to an equal grouping of states in the spectra of both molecules. In Fig. 1 we show the separate spectra of F* ͑full area͒ and F ͑striped area͒ components to the total 2h weight, convoluted with a FWHM ͑full width at half maximum͒ of 1.5 eV. This illustrates how the states cluster in four distinct groups, two of which ͑labeled B and D) are further split into two subgroups of singlet and triplet states. It also makes evident the alternating pattern of the F and F* character as well as the complete dominance of one or the other component. The small difference between the sum of the fluorine contributions and the total 2h curve is due to the central atom ͑B or Al͒ component. These findings are fully confirmed by the average 2h population of the six peaks in Table III . The even more pronounced valence-hole localization in the dicationic states of AlF 3 reflects the more ionic character of this molecule. Here one finds a rather constant contribution of the F or F* component to the total 2h weight of about 94%, whereas it varies from 87 to 92% for BF 3 .
With the aid of Table III and Fig. 1 , we can now analyze the various groups of dicationic states in more detail. The first group ͑labeled A) is made up of outer valence off-core site states. The large charge separation minimizes the Coulomb repulsion between the core and valence holes as well as their exchange interaction. Accordingly, group A is found at the low-energy side of the spectra, and singlet-triplet pairs of states are close in energy, separated by less than 0.05 eV. Despite their common characterization, peaks A in Fig. 1 exhibit two obvious differences due to the stronger off-core site localization in the dicationic states of AlF 3 compared to BF 3 . First, the onset of the AlF 3 spectrum is at lower energy ͑713.7 eV for AlF 3 and 717.8 eV for BF 3 ). This is partly due to the smaller orbital energies, and partly to the smaller holehole repulsion in AlF 3 because of the larger Al-F distance. Second, peak A in the AlF 3 spectrum is narrower. The latter finding is a consequence of the smaller energy range covered by the outer valence electrons of AlF 3 ͑2.9 eV vs 5.5 eV for BF 3 ), and is immediately understood by considering that, in comparison to BF 3 with its ionic sp 2 bonding, AlF 3 can be almost imagined as a strongly ionic system with four nonbonding lone pairs around each fluorine atom.
Group A is followed by its on-core site counterpart B, comprising states with the outer valence hole confined to the F* atom carrying the core hole. The highest lying state of group A and the lowest-lying state of group B are separated by a gap of 11.7 and 14.8 eV for BF 3 and AlF 3 , respectively, owing to the broader energy range covered by peak A in the case of BF 3 . The data show that the states of group B actually split into two distinct subgroups B 1 and B 2 which, comprise the triplet and singlet states, respectively. The asymmetry of peak B in the BF 3 spectrum is due to the fact that the highest-lying triplet state is closer in energy to the lowest singlets than to the other triplets ͑see Table I͒, whereas singlet and triplet states are well separated by more than 2 eV in the case of AlF 3 . The splitting for each singlet-triplet pair within group B is about 3.2 eV and can easily be understood in view of the strong localization of both positive charges on the same atom.
In the next group ͑labeled C) the states are characterized as having the valence hole in the inner valence shell of one F atom ͑different from the F* atom͒. Again the singlet-triplet splitting within this group of off-core site states is less than 0.05 eV. The energy gap between the lowest lying state of group C and the highest-lying state of B 2 is 3.5 eV and 2.3 eV for BF 3 and AlF 3 , respectively. The inner valence offcore site states are followed by their triplet (D 1 ) and singlet (D 2 ) on-core site counterparts. The latter two groups are widely separated in energy ͑by about 6 eV͒ due to the local- ization of the inner valence hole on the core ionized atom.
Although we calculated all dicationic states with a 2h weight larger than 0.01 by ADC͑2͒, there are exclusively main states with large 2h weight contributing to the groups A, B, and C of the BF 3 and AlF 3 spectra. Once valence-hole localization effects via 2h mixing are accounted for, these states can be interpreted within an independent-particle picture. But in the inner valence on-core site region ͑D͒ we encounter the situation that main states pass some of their 2h weight to accompanying satellites. This happens especially ͑see Table I͒ for the 3 A 1 and 1 A 1 inner valence on-core site states of BF 3 and AlF 3 , respectively, and is an indication for a possible breakdown of the molecular orbital ͑MO͒ picture of ionization ͓41͔. We emphasize, however, that the results obtained by ADC͑2͒ for satellite states and energy regions where the breakdown of the MO picture of ionization may take place, have to be taken with care because only main states are consistently described beyond second order of perturbation theory by ADC͑2͒. Breakdown regions are less accurately treated and a very high precision is needed to accurately compute them because of the quasidegeneracy of many electronic configurations in these energy ranges ͓26,41͔.
D. Influence of core-valence approximation on numerical results
In order to ascertain the impact of the core-valence approximation on the results, we have computed the F 1s valence dicationic states of BF 3 also with the full ADC͑2͒ scheme ͑see Sec. II͒. The results of these calculations are given in Table IV . Both types of ADC calculations, with and without core-valence separation, have been performed in the reduced C 2v symmetry of the localized core representation. While the dimension of the ADC matrices, depending on space-spin symmetry, ranges from 10 790 to 17 228 without core-valence separation, it is only between 2019 and 3733 with core-valence separation. Although the full ADC͑2͒ space comprises all 2h and 3h1 p configurations which can be constructed from one localized F 1s orbital and the valence orbitals of BF 3 , exclusively 2h and 3h1 p configurations with exactly one core hole dominate the dicationic states. The most obvious 2h configuration not reflecting the core-valence separability of the dicationic states is the corecore double-hole configuration (F 1s). Its by far largest contribution ͑a square coefficient of 0.0004͒ is to the 1 A 1 oncore site innermost valence state ͑see the last number in The comparison of the results obtained with and without core-valence separation shows that all but the inner valence on-core site states are described to a very good approximation within the core-valence separation. The 2h composition and the 2h weight of the dicationic main states are in good agreement and the difference ⌬ between the double ionization potentials ͑see Table IV͒ is approximately a constant value of ϳ0.4 eV. For the inner valence on-core site states, however, the inaccuracies introduced by core-valence separation are more pronounced. In the full ADC͑2͒ scheme both the 3 A 1 and 1 A 1 main state pass some 2h weight to accompanying satellites, whereas only the 3 A 1 main state does it in core-valence separation. As already mentioned, these findings for the satellites have to be taken with caution because they are less accurately treated in the ADC calculations ͑see Sec. III C͒. For the 3 A 1 main state one finds as before ⌬ Ӎ0.4 eV, but its leading 2h components (1e y Ј) and (1a 1 Ј)
show larger deviations, with the consequence that the 2h weight of the 3 A 1 main state in core-valence separation is smaller. In the case of the 1 A 1 main state even the approximate constancy of ⌬, found in all other cases, is violated. One finds ⌬ϭ0.77 eV and the 2h weight of the 1 A 1 main state in core-valence separation is larger than the value obtained without core-valence separation. It thus appears that the 2h configuration (F 1s), which is absent in core-valence separation, despite its small square coefficient of 0.0004, significantly affects the results for the 1 A 1 inner valence oncore site state. It is evident that (F 1s) may contribute considerably only to an inner valence on-core site state due to the direct interaction between the core hole and the inner valence hole localized on the same atom. In the localized core representation only this 2h configuration with two core holes is present and, in the reduced symmetry of F*BF 2 , it can influence only totally symmetric singlet states.
In order to take into account the influence of the core-core configuration (F 1s) on the totally symmetric singlet states without otherwise renouncing to the advantages of the corevalence separation scheme, we have enlarged the 2h space by this single configuration and calculated the resulting additional interactions in the 2h space through first order. The results of this extended core-valence approximation are given in Table V . The comparison with the corresponding 1 A 1 states in strict core-valence separation in Table I demonstrates that (F 1s) acts appreciably only on the inner valence on-core site state as expected. The comparison with the full ADC͑2͒ calculations in Table IV shows that the extended core-valence approximation reproduces roughly the on-core site inner valence main state and its accompanying satellite. Now the 2h weight of the 1 A 1 main state lies 0.032 below the value without core-valence separation, and one finds ⌬Ӎ0.4 eV as for all other dicationic main states.
IV. Cl 2s AND 2p VALENCE DICATIONIC STATES OF BCl 3 AND AlCl 3

A. Results and analysis
The SCF results show that all four molecules here studied are described by the same HF valence configuration. In accord with the electronegativity differences, the calculations confirm the higher ionicity of the fluorine ͑compared to the chlorine͒ compounds and of the aluminum ͑compared to the boron͒ ones. In all systems the ionic sp 2 bonding is exercised through the outer valence orbitals 2a 1 Ј and 2eЈ. In the boron compounds the out-of-plane orbital 1a 2 Љ also has considerable bonding character. In order to describe the Cl 2s and 2p valence dicationic states in the localized core approach we have to take into account one atomic set of localized chlorine core orbitals. The Cl 2s and Cl 2p orbitals are separated in energy by almost 70 eV, and the three components of the latter are quite similar in energy, although their degeneracy is removed in the molecule. In the reduced C 2v symmetry of the localized core approach these 2p components belong to the following irreducible representations: 2p x˜b 2 , 2p y˜a 1 , and 2 p z˜b 1 .
In light of the discussion of valence-hole localization in Sec. III, the grouping of the Cl 2s and 2p valence dicationic states of BCl 3 and AlCl 3 illustrated in Fig. 2 is immediately understood. Because of the large energy separation between Cl 2p and Cl 2s holes we find two distinct energy regions A-D and E-H, containing the Cl 2p and Cl 2s valence dicationic states, respectively. In both regions the same grouping of states takes place as found in the fluorine spectra, i.e., the first ͑last͒ two peaks in both regions refer to outer ͑inner͒ valence holes with alternating off-core and on-core site localization. The extent of valence-hole localization is again clearly demonstrated by the striped and full areas in Fig. 2 which reflect the off-core site Cl and on-core site Cl* component of the 2h population, respectively. A numerical measure of the extent of valence-hole localization in the various groups of dicationic states is given by the average 2h populations in Table VI . The alternating contribution of the Cl or Cl* component to the 2h population varies between 80% and 90% for BCl 3 , and between 88% and 94% for AlCl 3 . In the latter system, localization is stronger because of higher ionicity. In the following we discuss the individual groups in the chlorine spectra in more detail, focusing especially on the differences with the fluorine compounds and on some relevant aspects, like 2h configuration mixing, singlet-triplet splittings, and breakdown effects, which cannot be extracted from Fig. 2 and the data in Table VI . At the onset of the chlorine spectra we encounter the Cl 2p outer valence states, separated in the off-core site ͑group A) and the on-core site ͑group B). Both groups consist exclusively of dicationic main states, the number of which follows from simple counting arguments: the three Cartesian components of the Cl 2p orbital which carries the core-hole, together with the nine outer valence orbitals give rise to 27 singlet-triplet pairs of main states, 18 of the offcore site type in group A and nine of the on-core site type in group B, according to the ratio of 2:1 of the atoms Cl:Cl*. The states in group A behave very much like the corresponding ones in the fluorine spectra, and have an identical charge localization pattern. Although possible in principle, a mixing of different Cl 2p Cartesian components does not take place. One notices that, as a result of the more ionic character of AlCl 3 , its outer valence orbitals cover a smaller energy range and, hence, peak A in the AlCl 3 spectrum is narrower than that of BCl 3 . The highest lying state of group A and the lowest lying state of group B are separated by a gap of 4.8 eV for AlCl 3 and 2.4 eV for BCl 3 . It should be noted that these values are much smaller than the corresponding separations between outer valence off-core and on-core site states in AlF 3 (14.8 eV) and BF 3 (11.7 eV).
While the splitting of peak B in the fluorine spectra separates exactly triplet (B 1 ) from singlet (B 2 ) states, with each singlet-triplet pair being systematically about ϳ3.2 eV apart, we find more complex conditions in the chlorine spectra. Here the singlet-triplet splitting varies strongly and the visibly composite structure B in Fig. 2 cannot be separated into one triplet part and one singlet part: the singlet and triplet groups overlap. This finding can be partly explained in terms of the relative orientation of the two holes in the various Because of this, the A 1 states show a substantial singlettriplet splitting of 2.5-3 eV, while the splitting is much smaller for the perpendicular orientation of the holes. In the latter situation we find singlet-triplet splittings of about Ϫ0.5 eV at lower energy ͑i.e., the singlet state lies below the corresponding triplet͒ and about 1 eV at higher energy. One noteworthy result also shown in Table VII is the mixing of 2h Cartesian components in the A 1 and A 2 states leading to a spatial reorientation of the 2p core hole in the dicationic states. In the A 1 states the localized 2h configurations with parallel holes (2p x 3p x ) and (2 p z 3p z ) couple, resulting in an orientation of the Cl 2p and 3p holes which is not along but between the Cartesian axes. A similar coupling takes place between the localized 2h configurations (2p x 3p z ) and (2p z 3p x ) in the A 2 states, leading to an orientation of the two holes ͑perpendicular to each other͒ between the Cartesian x and z axes.
Owing to considerable breakdown effects of the MO picture starting among the Cl 2p inner valence off-core site states, a conclusive analysis of the states in group C and in the subsequent groups of the chlorine spectra becomes difficult. A higher-order method should be used to accurately compute the states in these energy ranges, where the MO picture of ionization is generally inapplicable ͑see Sec. III C͒. For the Cl 2p inner valence on-core site states the breakdown is already so strong that no state reaches a 2h weight of 0.4. It is conspicuous that the large singlet-triplet separation which has been found for the F 1s inner valence on-core site states shown in Fig. 1 ͑6 eV͒, is not observed for the states in group D of the chlorine spectra. Apart from the breakdown effects taking place in the latter, this is due to the weaker interaction of the Cl 2p and 3s holes compared to F 1s and 2s holes. As a result, the singlet-triplet splittings of the on-core site states of group D in the chlorine spectra are as small as typically found for the off-core site states in group C.
The states in groups E -H at the high-energy side of the chlorine spectra are Cl 2s valence dicationic states. With respect to the on or off-site localization of the valence hole, as well as to its outer or inner valence character, the states lie in the same sequence as the Cl 2p valence dicationic states of groups A -D. The average 2h populations in Table VI evidence the similar distribution of the valence hole for corresponding Cl 2p and Cl 2s valence dicationic states. In the Cl 2s valence dicationic states we encounter a complete breakdown of the MO picture of ionization: the 2h weight of any state is smaller than 0.24 in the case of BCl 3 , and does not reach 0.32 in the case AlCl 3 . Therefore, we shall not pursue the analysis of this complex manifold of states further.
B. KLV Auger spectra
Because of the multitude of core-valence dicationic states, which are at the origin of the KLV Auger spectra of even relatively simple polyatomic molecules such as the D 3h systems studied here, it seems practically impossible to calculate accurate individual transition rates for these hundreds or thousands of states. But the analysis of the correlated wave function in terms of localization of the two holes in the final dicationic states ͑as outlined in Sec. III B͒ provides us with the key not only to interpret and understand these complex spectra but also to theoretically predict with reasonable confidence the spectral line shapes.
Since the Auger decay is essentially an intra-atomic process, the Auger intensities reflect the local two-hole density in the dicationic states around the atomic site where the primary ͑deep͒ core vacancy has been created. It is therefore clear that only states with a significant component of the 2h density located at a given atom, can have an appreciable rate of decay from the corresponding core-hole state. In this sense, the Auger process is site selective. We can further expect to observe a qualitative correspondence between the energy distribution of the one-site contribution of a given atom to the 2h weight and the energy distribution of the Auger spectral intensity originating from core ionization of that atom. This correspondence has indeed been shown to hold with remarkable precision in the case of the commonly investigated valence-type ͑CVV͒ Auger spectra ͓20,23-25͔.
Our arguments appear particularly appropriate for the chlorine KLV Auger spectra of ionic molecules like BCl 3 and AlCl 3 . The site selectivity of the Auger process requires that the secondary (L-shell͒ core vacancy is localized on the same atom where the primary (K-shell͒ core-hole has been created and that only the on-core site component of the 2h weight contributes to the Auger intensity. Because of the pronounced on-core or off-core site localization of the valence hole in each of the eight groups A -H of Cl 2s and 2 p valence dicationic states, these groups must either appear in the chlorine spectra ͑on-core site͒ or have almost zero intensity ͑off-core site͒. According to the Cl 2p outer valence, Cl 2p inner valence, Cl 2s outer valence, and Cl 2s inner valence grouping of the states, one expects a simple Auger spectrum consisting of the four groups of on-core site states, which are labeled B, D, F, and H in Fig. 2 , whereas the states in groups A, C, E, and G carry very little intensity and virtually disappear from the chlorine spectra.
In Fig. 3 our arguments are illustrated by the theoretical chlorine KLV Auger spectra of BCl 3 and AlCl 3 which have been obtained from Gaussian convolution of the on-core site (Cl*) population of the Cl 2s and 2p valence dicationic states. The interpretation of the spectra in the light of the 2h density analysis clarifies some relevant and general questions. Their simple atomiclike appearance emerges as a result of the very pronounced valence-hole localization taking place in the dense manifold of dicationic states. Because of the intra-atomic nature of the Auger process, this phenomenon enforces extremely strict selection rules on the decay transition rates, whereby all the states with off-core site character are not populated at all. This fact deprives the ligand KLV Auger spectra of the present and other ionic molecules with strongly electronegative constituents of all relevant information about the molecular environment, reducing these spectra to an indistinct self-image of the ligand atom itself. This is obvious, for example, in Fig. 3 , where the chlorine spectra of BCl 3 and AlCl 3 are very similar to each other. This self-imaging atomic picture is a common interpretive key in Auger spectroscopy. As has been pointed out ͓25,46͔ it is, however, completely inapplicable to the central atom Auger spectra of systems like the ones studied here: in this case, a complementary foreign-imaging character of the spectra emerges instead, yielding a distinct, fingerprinting image of the molecular environment. The applicability of the foreign-imaging picture for the central atom KLV Auger spectrum will be studied in Sec. VI B for the aluminum compounds AlF 3 and AlCl 3 .
Here we would like to point out one useful practical difference in the interpretation CVV and KLV spectra. In the former, the manifold of final valence-valence dicationic states is correctly thought to be the same in both the ligand and central atom spectra, spanning the same energy range, and the different intensity of the states can then be roughly related to their different one-site 2h population. In the KLV spectra, on the other hand, the strong a priori atomic localization of the L-shell final hole can already be thought as if preliminarily selecting a specific submanifold of final corevalence dicationic states, lying in a specific energy range, namely, those states where the L-shell hole is located at the same atomic site of the primary K-shell vacancy. The intensity of the states can then simply be put in qualitative relation to their on-core site population.
V. B 1s VALENCE DICATIONIC STATES OF BF 3 AND BCl 3
Before we discuss the B 1s valence dicationic states of BF 3 and BCl 3 , two general aspects are to be emphasized concerning the core-valence dicationic states of D 3h molecules M X 3 when the core hole is localized on the central atom. First, the system M *X 3 -the molecule with one central atom core hole-maintains the D 3h symmetry of M X 3 . The three ligands are symmetry equivalent, and the total 2h weight of the dicationic states can be separated into the oncore site contribution M * and one off-core site contribution X. Second, throughout the ligand atom spectra we encountered strong valence-hole localization effects via 2h configuration mixing in order to minimize the hole-hole repulsion in the off-core site states. In the central atom spectra the dicationic states have automatically a leading off-core site character, since all valence electrons are predominantly localized on the electronegative ligands. Consequently, there is no a priori obvious reason for a spatial rearrangement of the valence hole. Indeed, we do not find considerable 2h mixing throughout all central atom spectra.
The results of the ADC calculations on the B 1s valence dicationic states of BF 3 and BCl 3 are depicted in Fig. 4 . The dominating off-core site character of all the states is clearly shown by the tiny on-core site B* component ͑full areas͒: For BF 3 and BCl 3 the computed average B* percent population in the A 1 group of states are 3% and 2%, respectively. These values increase somewhat in the other groups, reaching a maximum of about 18% for the A 2 group of BCl 3 . The division of the boron spectra in two regions A and B, as well as the size of the energy gap between them, is simply due to the energy difference between the outer and inner valence orbitals which amounts to 21.4 eV for BF 3 and 11.3 eV for BCl 3 , respectively. While the outer valence states in group A are all main states, we encounter strong breakdown effects among the inner valence states in group B. In the case of BF 3 few weak shake-up satellites, which derive from the out-ofplane orbitals 1a 2 Љ and 1eЉ, appear around 247 eV, before the inner valence breakdown region starts at 252 eV. The situation is somewhat different in the case of BCl 3 . We find various weak shake-up satellites in the narrow region between the outer valence main states, which cease at 228 eV, and the inner valence breakdown states starting at 235 eV.
Owing to their main state character, the B 1s outer valence dicationic states in group A can be interpreted in the MO picture of ionization. The absence of an appreciable 2h configuration mixing in these states entails a clear one-to-one correspondence between the states and the HF outer valence orbitals. As a consequence, their Mulliken population analysis yields directly the valence-hole distribution in the dicationic states. Group A 1 of the boron spectra is made up of five singlet-triplet pairs which derive from the outermost valence orbitals 1a 2 Ј , 1eЉ, and 3eЈ. Their halogen nonbonding character leads to the mentioned small B* population and to slightly negative singlet-triplet splittings ͑triplet states are preceded by their singlet counterparts͒ of about Ϫ0.1 eV. The highest lying state ( 3 EЈ) in group A 1 is separated from the lowest lying state ( 3 A 2 Љ) in group A 2 by about 2.5 eV.
The four singlet-triplet pairs in group A 2 derive from the increasingly bonding orbitals 1a 2 Љ , 2eЈ, and 2a 1 Ј . This explains the marked B* population for these states and the larger positive singlet-triplet splittings: these splittings are about 0.4 eV for states originating from 1a 2 Љ or 2eЈ and 1.1-1.3 eV for states resulting from the 2a 1 Ј orbital. the inner valence orbitals. The gap between peaks A and B as well as between peaks C and D is much smaller in the AlCl 3 spectrum than in the AlF 3 spectrum. As in the boron spectra this is simply due to the very different separation between the inner and outer valence orbitals, which is 22.7 eV for AlF 3 and 13.0 eV for AlCl 3 . While the Al 2p outer valence states in group A are all main states, we encounter strong correlation effects among the inner valence states in group B, and a complete breakdown of the MO picture for the Al 2s states in groups C and D. In the AlF 3 spectrum some weak satellite states gather between 125 and 129 eV, giving rise to the weak structure in Fig. 5 at the low-energy side of peak B. In the AlCl 3 spectrum no satellites are found between the individual groups.
Like the boron states, the aluminum states also have the valence hole predominantly localized on the ligand atoms, i.e., they are predominantly off-core site states. In fact, owing to the higher ionicity of the aluminum compounds, their off-core site character is generally even more pronounced than that of the boron states: The average percent Al* population does not exceed 10% in any group of states, being always somewhat higher in the inner-valence groups B and D.
The absence of an appreciable 2h configuration mixing throughout the aluminum spectra permits an interpretation of the main states in group A in terms of HF orbitals. We have mentioned how, in the boron spectra, the energy gap between the five nonbonding outermost (1a 2 Ј , 1eЉ, and 3eЈ) and the four innermost outer valence orbitals (1a 2 Љ , 2eЈ, and 2a 1 Ј) leads to the splitting of peak A. In contrast to this, the corresponding orbitals of the aluminum compounds cannot be clearly separated into nonbonding and bonding ones, their bonding character continuously growing with increasing energy. This explains the narrower peak A in the aluminum spectra. In the case of AlCl 3 , however, the innermost outer valence orbital 2a 1 Ј is still separated from 2eЈ by 2.0 eV and, thus, 2a 1 Ј ionization is responsible for the shoulders at the high energy side of peaks A and C.
In line with the small on-core site Al* population of the dicationic states of AlF 3 and AlCl 3 , we do not find considerable singlet-triplet splittings among the main states in group A. Of course, the actual values depend not only on the size of the Al* population but also on the spatial arrangement of the outer valence hole relative to the Cartesian Al 2p component. The splittings of singlet-triplet pairs that derive from the five outermost valence orbitals are nearly zero (Ϫ0.05-0.0 eV), while the four innermost outer valence orbitals give rise to splittings from Ϫ0.4 to 0.6 eV. In general, splittings of few tenths of an eV are observed when the dicationic states have vacancies oriented in the same plane, i.e., when one in-plane ͑out-of-plane͒ outer valence orbital is interacting with an Al 2p x,y (Al 2p z ) component.
B. KLV Auger spectra
By following the same lines of analysis as in Sec. IV B, the appearance of the theoretical aluminum KLV Auger spectra of AlF 3 and AlCl 3 in Fig. 6 is of immediate interpretation. The Auger process is here probing the 2h density at the aluminum site in a situation where, as we have seen, all states have a dominating off-core site character and their relatively small on-core site Al* population is quite uniformly distributed over the entire spectrum. The absence of an alternating off-core and on-core site character of the states obviously prevents the occurrence of any a priori strong selection rule similar to that found for the Cl KLV spectra. We conclude that a simple four-peaked spectral structure according to the Cl 2p outer valence, Cl 2p inner valence, Cl 2s outer valence, and Cl 2s inner valence groupings of the states should be expected in the Al KLV spectra, each of the four well-separated groups producing one distinct band. Despite the quite uniform distribution of the Al* population over the entire spectrum of dicationic states, there are two obvious differences between the total 2h density curve in Fig. 5 and the on-core site 2h density curve in Fig. 6 , the latter being related to the Al KLV Auger spectrum. First, as mentioned above, the relatively higher Al* population of the inner-valence states translates into a stronger relative intensity of peaks B and D in the Auger spectra. Second, in the case of AlCl 3 the shoulder at the high-energy side of peaks A and C is more pronounced in the Auger spectrum than in The conceptual differences between the results of Auger decay from the Cl 1s and Al 1s vacancies stand out very evidently from our analysis. While the ligand atom spectrum is strictly atomic in appearance, bearing hardly any trace of the chemical environment, exactly the opposite is true for the central atom spectrum. Here all the atomic information is lost and the spectrum reflects the energy distribution of the dicationic states which is exclusively determined by the surrounding molecular environment where the valence vacancies are produced. This characteristic of the central atom spectrum has been defined foreign imaging in the CVV Auger spectroscopy of ionic molecules ͓25,46͔. The final dicationic states resulting from the CVV Auger process hardly exhibit valence vacancies on the atom with the primary core vacancy. In contrast, the KLV Auger decay populates heterogeneous dicationic states, where one vacancy, the L-shell vacancy, is on the atom with the primary K-shell vacancy. Nevertheless, the foreign imaging picture is appropriate to interpret the central atom KLV Auger spectra of highly ionic molecules, like the systems studied here, since the second vacancy is essentially located on the ligands. The ''foreign image,'' or complete lack of atomic character, in these Auger spectra is of course a direct consequence of the intra-atomic nature of the decay process. The aluminum atom undergoes a pronounced electron loss in the valence shell upon binding three fluorine or chlorine atoms, and therefore the valence hole cannot appreciably localize at the Al site. Since all available final states have the valence hole created away from the Al atom, all are populated with roughly comparable decay rates and the resulting Al KLV spectrum is utterly unrelated to the corresponding one of the isolated atom.
VII. CONCLUSIONS
A. Hole localization effects in core-valence dicationic states
In the present work we have investigated theoretically core-valence double vacancies in ionic molecules containing strongly electronegative, symmetry equivalent ligands. As explicit examples we have studied the core-valence doubly ionized states of BF 3 , AlF 3 , BCl 3 , and AlCl 3 using twoparticle Green's-function methods. Two classes of corevalence dicationic states derive from these molecules: In the first class the core vacancy is localized on the ligand atom, while in the second class the central atom carries the core hole. The manifold of correlated dicationic states in the corevalence double-ionization spectra of the above molecules was analyzed by studying their two-hole (2h) density distribution. It is found that in all states of the first class the valence hole is also strongly localized on one ligand atom, naturally giving rise to two types of states: on-core site states, where the valence hole is on the same atom carrying the core hole; and off-core site states, where the valence vacancy is on another ligand atom. This on-core or off-core site localization of the valence hole, together with its inner or outer valence character, dictates, via hole-hole repulsion, the energy distribution of the states, which come in dense and well-separated groups. The valence-hole density at the central atom is much smaller and quite uniformly distributed over all these groups. Apart from symmetry considerations, the on-core site population is the relevant quantity to estimate the strength of the hole-hole interaction in the dicationic states. This is revealed by the alternating off-core and on-core site character of the individual groups as well as by the energy splitting of singlet-triplet pairs of main states which is quasinegligible in the off-core site states and may reach several eV in the on-core site states. The valence-hole localization on the ligands is realized by a strong coupling of 2h configurations in the dicationic states involving the delocalized ground-state valence orbitals. While only this kind of 2h mixing is possible in the F 1s and Cl 2s valence dicationic states, the spatial reorganization of a localized Cl 2p hole also becomes feasible by the mixing of 2h configurations with different Cl 2p Cartesian components. However, this specific kind of 2h mixing, involving core and valence orbitals, is operating solely among some of the Cl 2p outer valence on-core site states, because here the hole-hole repulsion can be strong and markedly depends on the Cl 2p Cartesian component interacting with the nonspheric Cl 3p distribution of the outer valence hole.
A very different picture describes in general the dicationic states of the second class-those with a central atom core hole. In all systems studied here, we have found that each one of these states essentially derives from one specific delocalized ground-state valence orbital: In complete contrast to the ligand core hole states of the first class, there are no hole localization effects via 2h configuration mixing. This finding can be understood by the fact that the central atom undergoes a pronounced electron loss in the valence shell upon binding three electronegative ligands. As a consequence, the dicationic states of the second class have automatically a leading off-core site character and there is no physical reason for a spatial reorganization of the valence hole ͑other than small higher order correlation effects͒. Indeed, the weak hole-hole interaction in these states is reflected by the small or moderate singlet-triplet splitting of the B 1s and Al 2p outer valence main states.
The strength of valence-hole localization in both types of dicationic states, with a ligand or central atom core vacancy, is related to the ionicity of the molecular system. This means that the strongest valence hole localization effects are found for AlF 3 and the weakest for BCl 3 . For example, about 94% of the valence-hole density is localized at one fluorine atom in the dicationic states of AlF 3 . Of course, the ionic molecules studied here are extreme examples of this situation and a continuous wide range of interesting weaker cases exists. 2h localization effects at the ligand atoms of ionic molecules are already known from the valence double ionization of fluorine compounds like BF 3 and SiF 4 ͓20,25͔. These effects are even more pronounced in the core-valence dicationic states.
B. Ligand and central atom KLV Auger spectra in the light of foreign imaging
By analogy to the usual Auger decay leading to valence doubly ionized states, an initial deep core-hole state may decay into core-valence dicationic states by emission of a further electron, when the primary core hole is localized on an atom which contains at least one more energetically higher core shell. In AlCl 3 , for example, an initial Cl 1s or Al 1s vacancy may decay to the Cl 2s and 2p or Al 2s and 2p valence dicationic states discussed here. The 2h population analysis can be used to simulate the resulting KLV Auger spectra. The intra-atomic nature of the Auger decay requires that the L-shell core vacancy be localized on the same atom where the K-shell hole has been created and that only the on-core site component of the total 2h density contribute to the Auger intensity. Thus very strict selection rules are imposed in the chlorine spectrum, almost perfectly segregating the on-core site states from the off-core site states. According to their respective character, the states cluster in energy giving rise to well separated groups. Therefore, either a peak ͑group of states͒ appears in the spectrum because of the on-core site character of its component states, or it has essentially zero intensity. As a result, apart from typical, molecule-dependent, overall shifts, the ligand spectrum is strictly atomiclike and contains almost no information about the molecular system, reducing this spectrum to an indistinct self-image of the ligand atom itself.
On the other hand, the entire information concerning the molecular system, which is so effectively filtered out of the ligand spectrum, is fully recovered in the central atom ͑alu-minum͒ spectrum. The latter, because of the dominant valence-hole localization at the ligands, loses all atomic information and yields instead a complete and detailed image of the surrounding molecular environment where the valence vacancies are located. This foreign imaging spectrum is essentially shaped by the relatively small valence-hole density at the central core-hole atom which is quite uniformly distributed over the entire spectrum. Hence no strict selection rules are enforced and the surrounding chemical environment leaves its fingerprints on the spectrum.
The foreign imaging picture has already been proposed for the central atom CVV Auger spectroscopy of ionic molecules, where it yields a very satisfactory reproduction and interpretation of experimental results ͓20,25,46͔. More structured and complex ligand and central atom CVV ͓25͔ and KLV Auger spectra can be expected for less ionic molecules. In all these cases, the results and the concepts illustrated in the present work may serve as a useful guideline for analysis.
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